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PREEFACE

In 1973 the Air Force initiated an advanced development project
withln the Electronics Systens (ommhand (AFSC/ESD) to acquire anag
apply the 1S0US Project (uUniversity of Michigan) froblem
statement Language/ ¢Problem Statement Analyzer (PSL/PSA) to ESUL
rejuirements anaiysis needs. The Alr Fource version of PSL/PSA
was accepted by ESD in 1974 ana was called the User kequirements
Language/User Requirements Analyzer (URL/URA)¥, In 1%75 Logicon
pertormed an evaluation for the ESD Joint Survelllance System
(JSS) program oftice on the applicability of URL/URA as a tool
for both tne analysis ot JSS requirements and the design of tn=e
JSS. ASs a result of tne JSS study, Logicon began (o use URL/URA
in 1ts systena englneering support role to JS5 and is continuing
the use of the tool in the development phase of tne JSS at this
time,

During the past five yedars Logicon has broadened 1ts experience
using URL/URA, Additional studlies, applications, and training
programs for industry and government have been performed. A
formalized approach has been developed by Loygicon tor applying
URL/URA and Logicon has extended URL/URA under contract to the
Alr Force. In addition, GLogicon has independently translated ana
installed URL/URA and the Loglcon extensions and moalfications on
the Loglcon VAX 117780 system 1in Lexington, MA, Additiocnal
extensions for such applications as automated specification
documentation generation from the URL/URA data pases have been
aeveloped and applied to new projects within the'p§ét year.,

This gulidepook was developed under contract to the U,S. Army
Computer Systems Command (USACSC), Army Institute tor Research 1In
Management Intormation and Computer Science (ALRMICS), It is the
second of a twoe volume report tor USACSC and has been prepared to
aid the systems requirements definition and andlysis oprocess
{requirements engineering) witnin USACSC. =~ Guldelines ana
standards for requirements engineering and tne use o0t PSL/PSA are
presented in this guidebook.

. D D W ) s D s e R W W e e

¥ URL/UKA was also previously called the Coaputer~Aided
kequirements Anulyzer (CARA) by the Alr fForce, URL/URA 15
currently reterred to as the Computer-Aficed Design,sSpecification,
and Anaslysis Tool (CADSAYT) by the Alr torce,




LOGICON

TABLE JF COUNTENIS ~

page
PREFACE "a
LIS! UF FIGURES
LIST UF TABLES

!' INTRODUCTION - L] L] L] . . . L] [ . - [ - . . L3 . . ] [ 3 ° 1

1.1 purpose L ] L ] ® L ] L] * - » L ] » - - L ] - - - - * - * - L ] L ] - 1
102 scope . L] - [ - L] [ ] . . [ 4 . . L[] - L] - . [ 3 [ ] L . L] L] L] - 1
1.3 DEfinitions [ ] - [ ] L ] - [ ] L] L L ] L] * L ] L ] L ] [ ] [ ] * L] [ ] ® L] L] 1
tT 1.3.1 Systerl . e ®» ® ® 6 ® © ® ® © & e ® o " o e ° 1

1.3.2 Requirements ENGineering o« o« « « o o o o o o o o 1

1.3.3 Quality ReQUITemENtS o+ o « e © o o o o ¢ o & o o 2
;.‘4 Conténts L ] L ] [ ] [ ] L] L ] L ] [ ] » [ ] - L ] L] *® [ ) [ ] L ] - L 3 L ] L] » ) 2

2. QUALITY REQUIREMENTS CHARACTERISTICS =+ o o o o o o o & 4

1 InttodUCtion [ ] L] L ] L ] * L] * [ ] * [ ] [ ] L ] ® [ ] [ ] L ] * [ ] L] [ ]
2 Discrete RequUiIrenents « o o o « o o o o o o o o o s @
3 Organization of Requirements . . « « . e o o o o o
° 2.3.1 Hierarchical Organizational Relatxonsh1ps . .

2.3,2 System Flow RelationshipPs .« o o o o o o o o o

2.3.3 Reguirewents Traceability Relationships .« . .
2.4 Summéry L ] - L ] ® [ ] L ] *® ; O‘ L] .. L J ® L] -. [ ] [ ] L] L] ® [ ] L ] L ] L]

W i oo O Db

[

3. STRUCTURED APPROACHES AND AUTOMATED TOOLS o o « o o « o 14

3.1 Structured APPIOACNES o « o « o o o o = o o » o o« s o+ o 14
3.2 1SD0S Project =PSL/PSA « ¢« o o o o« o o s o o o s o » o 14 i
3.3 Utility Of PSL/PSA ¢ o o o o s « o o o e o » o« a o o 15 L |
3.4 buidelines for Requirements kngineering Uslnq PSL/PSA 16 L

4. KEGUIRENENTS ENGINEEQRING PRUCEDURES o o o o o o o o o & 17

lntrOdUCtioﬂ [ . . . L[] - L] . . . L] - [ . [ . . .

4.1 ¢« o o
4,2 [dentify and Review Source Documentation BLUCK 1 .
4,3 Produce Requlrements EnJineering pLan BLuCn 2 . .
4.4 1ldentity System Functions ’ BLUCK 3 , .
4.5 (rganize Functions into a Hierarchical bLUCK & , .
Structure ’ ’ )
4.6 Jdentify System Constraints BLUCK & .,
4./ Identify System Using Activities BLUCK & , .




‘s o i e

LOGICON

4.5 laeantity external System lnputs=0utputs
4.y bPertorr jintormation-Flow Analysis
i«lU dtructure Syscea Information
4,11 Pertorm Control-trlo# Analysis
4,14 Perform seSt Analysis
9,13 Prepare Specification Documentation
4.14 Perform lraceability Analysis
4,15 Perform Conslstency and Completeness
"~ Analysis
4.1v rManage Regquirements £nglneering Acctivities

APPENDICES

- Selected References . o+ . + ¢ o o
- Selected Language Features . . .
Apstracts of Analyzer Reports
- Example Analyzer Reports . . . .

Appendix
Appendix
Appendix
Appendix

o0 o>
]

L L d L] L]

bLUCK
BLUCK
BLUCK
BLUCK
BLUCK
BLUCK
pLUVCK
BLUCK

BLUCK

. ® . *

30
31
34
36
39
40
42
40

51

53
25
712
82




[ SRS At it a0 Dt

LOGICON
LIST UF FIGURES
Paye
1. Development of Discrete and well-Urganized Kequirements ) [
2. Functlonal Hierarcnlcal STIUCLUr2 .« o « o o o o o o = o /

3. I/0 Hierarchlcal SEructure . . « o« o o = o o o » s o o =« -]
4. Control-Flow Dlggram e« o o o ® % o % o 8 e w e ® ®s o e » 10

5. lnformation=Flow D1agram . . « o« o « ¢ « o s o = o o« o o 11

6. Kequirements Definition and ANalysis . «+ « o o ¢ o o o » 20
/. Requirements kngineering Procedures . . o ¢« « ¢ o o o« o 21
6. Information=-Flow Diagyram with PSL constructs « « . . . » 33
Y. Control=-Flow Diagram with PSL cOnsStructs ., . « « o o o o 37
10, Requirements Traceability AnAlysis « « o o o = o o o o » 43

11. Requirements Conflguration COnNtrol . . « « « « + & +» o« «» 44

LIST OF TABLES

1. System Requirement TYP®S o « o« o o » © o o o o s « « o« o« 18




LOGICON

SECILIIN 1 INTROLUCILLIUON

1.1 Purpose

this requirements engineering guildevook proviaes Qquidance and
stanaoaras for aetining 4ana analyzing the requlrepents ftor a
system wusing an automated tool (PSL/PSA). Inis guideboox
acaresses the modeling of the functidnal requirements of 4 systen
(logical modeling) durilng the 1initial phases Of a system
dacquisition, the definition phase. The guldance can be appliea
to large~scale as well as smaller, less conplex systems and <can
pe used in various acquisition environments.

1.2 Scope

I'hi1s guidebook is compatable witn modern structured approaches to
requirements definition and analysis and proviaes guinance on the
selected use of PSL/PSA. Reterences to documentation on various
modern structured approaches and to PSL/PSA ere provided. Ihe
user of this guidebook may tollow the approach presented herein
or tailor the approach to emphasize a particular teatuye of any
of the modern structured analysis methods cited in Appendix A.

1.3 Detftinitions

1.3.1 System

A comnposite of items, assenblies, skills, and technigues capavole
of performing and/or supporting a using organizations” needs. A
conplete systew includes related facilities, items, omaterial,
services, and personnel required for its operation to the degree
that it can be considered a self-sufficient item in its intended
use.

l1.3.2 Fequirenents tngineering

Fequirements Englneering (s an lterative process ot defining the
system requirements and = analyzing the lintegrity of the
requirements, This process involves all areas of system
development preceding tne actual design of tne system. The
products of the requirements engineering process cah pe evaluatea
tor completeness, consistency, testability, and traceabilty. fhe
essential goal of reguirements engineering {s to thorougnly
evaluate the needs which the systen nust satisfy.

A L
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l1.3.3 Uuallty Requirements

The tern “quality requirements” 1s used throughout this qguldeuoc~
to jenote system reguirements whicn are complete, consistent,
testable, and tr4iceable. Thils characterlstic is the result of
the requirements beilng discretely jdentlfled and well-organizea
as discussed in the sections to follow.

1.4 Contents

The remainder of thls guidebook consists of three sectlions and
tour appendices, as follows:

Section 2 - Quality Requirements Characteristics: Provides
a description of the two requirements characteristics:
discrete and well organized. This discussion ls followead bv
a description of three forms of well-organized requirements:
hierarchical structures, system flows, ana requirements
traceaoility. )

Section 3 -~ Structured Approaches and Automated Tools:
Briefly describes the trend in structured analysis
approaches and the use of an automated tool, PSL/PSA, The
utility of PSL/PSA as a réequirements engineering tool is
presented along with the various versions of PSL/PSA.

Section 4 - Requirements Engineering Procedures: Provides
the procedural framework for defining and analyzing system
requirements., The procedures consist of fifteen activities
which are explained in functional terms: namely, activities
to be performed by requirements engineers. The language and
report features of PSL/PSA which support each activity are
presented, o )

Appendix A =~ Selected References: Provlides a 1list of
references primarily consisting of structured approacnes to
requirements englneering and references of the pertinent
versions of PSL/PSA. )

Apvpendix B8 = Selected Language Features: Provides a
condensed list ot PSL  features wnich support the
requirements engineering activitlies presented in Secticn 4.
Cross references are provided to Section ¢ and to the
various versions of PSL.

Appendix C = Analyzer Reports: Provides a 1list of PSA
reports which support the requirements engineering
activities presented in Section 4. Crosz reterences are
provided to Section 4 and to the varlous versions of PSA.
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Appendix D = Example Anatyzer Heports: provides examples
in Apperndix C.

some ot tne PSA reports

dqescribed
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SECTION 2 GUALLITY REQULIREMENTS CHARACTERLILILICYD

2.1 introduction

uuallty requirements are jepenagent upon tne anglyst first
identifying the alscrete requirements of ¢the systein ana tnen
0rganizing these requirements in effective ways for furtner

analysis, 1he resulting organization is often recerrea to as 4
functional or l1logical model, wnere the objects 1in the inodel and
their relationsnips to eacnh other provide a comprepnensiva

description'(specification) 0of the user needs.

Initial documentation for ldentltying the user’s systeii
requirements may include early planning documents and
specifications for similar systems, for system 1nterfaces, cnu
for existing or previously detined subsystems. In addition,
documentation derived from engineering studies and prototyping or
experimental test systems may be avallable, If tne engineering
activities have advanced beyond the planning and study stage,
specification documents may have already oeen developed. These
early requirements documents usually  have one prevailing
characteristic: The system reqguirements are not typically
distinguisned (discrete) or collectively defined
(well-organized). =

2.2 Discrete Requirements

Figure 1 {lluystrates the first <characteristic of quality
reguirements: discreteness. The key to ldentitying discrete
requirements 1s to break the user needs 1into individual parts
(objects) whicn represent non=-overlapping requirements. ©Dlilscrete
requirements include system objects (functions, external and
internal 1inputs and outputs, etc.) and propertles (statements
apout the onjects) such as constraints and descriptions. At this
puint missing or incomplete requlirements can be more readily
laentifiedu, fnis ltemization and categorization ¢t reguirements
introduces clarlty, whereas the sources ot the reguirements may
be overstated, ambiquous, redundant, incomplete, any
inconslistent. This process of 1itemization also provides tnhe
basis for verifying the gquality of the reguirements and ftor
assessing the ability to test the requirements in the taryet
system,
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2.3 Urganization ot Requirenents

the seconug characteristic of a good st@tement 0t reguirements is
the arrangement of the Trequirements 1In etffectlve ways for
adoitiondal andalysis and tor communicating these regulirements to
the uslny agencCy and to desigp engineers. T[he identification of
discrete requirements provides some awdareness of omissions and
gdaps {n the requirements, Thls awarene:ns 1is further neightened
py organizing the requirements 1n ways whicnh 1dentity all the
relationsnips among the discrete reguirements (fFigure 1). These
relationships are of three types: hierarcnical organizational
relationsnhips, systen flow relationsnips, and reguirements
traceability relationsnips. The tollowing paragraphs discuss
these relationships. o

2.3.1 Hierarchical Organizational Relationsnips

Hierarchical organizational relationships are shown by
structuring the discrete functions and ‘"tne information
requirements (external and internal inputs ana outputs) of tne
system into nierarchical structures, The concept ot a functlional
hierarchical structure (Figure ¢) was introduced 1nto military
systems development tnrough initial systems engineering practices
dating back to the 1940s. Tnls concept has been Mmaintained in
miiitary systems development and documentation throughout the
1960s and is an integral part of the current military standaras
for system documentation, 4i.e., DoD Standard 7Y35.1=$ [1} and
MIL=-STD=490 [2). This form of organization provides a view of
the system as an aggregate of functions oroken into a logical
arrangement of subordinate discrete activities wnicnh must ve
performed., Over the course of requirements engineering many
missing or incomplete functions can pbe directly identified fronm
the functional hierarchical structure, ‘

The discrete system inputs, outputs (external 1/0) ana the
internal 1nformation requirements (internal I/0) necessary for
tne system®s operation can be similarly structured (data
structures). Tne exphasis aaain 1{s the arrandement of the
intormation reguirements into hierarcnpical structures oy creaking
the information 1into 1logical subordinate parts or grouplings
(Figure 3). A well=organized data structure is effective in
communicating tne intormation requirements and tor identitying
incomplete or nissing information reguirements.

WO e e e —— —.—ﬂ—,
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2.3.2 Systen fFlow Relationsnips

System flow relationships can be snown by organizing the discrete
reguirements 1n terms of control flos (Flgure 4) and information
tlow (Figure 5). As the functions of the system are defined, tne
control relationships vetween them can also pe detinea, These
control relationships describe the loylcal order 1n whicn the
system activities should be accofplished to satisfy tne system
mission and operational requirements. Conaitions which determine
the flow diraction when two oOr more branches OCcur are also
represented., Control=-flow analysis provides a means of viewing
the system from an activity-oriented perspective and is often
referred to as functional-flow anpalysis. As a result of this
analysis the requirements are viewed in a well~-organized manner
ana missing or incomplete functlons and relationships between the
tunctions are ldentified, Final <control-flow documentatiaon
becomes another effective means  for communicating system
requirements to design engineers, T

OUn the other hand, the information-flow analysls (Figure §5)
builds upon the I/0 hierarchical structure (Figure 3) by
providing a means of viewlng tnhe system as 4an information
processing system. During this analysis the flow relationships
between external system inputs and resulting outputs are
identified, Quite often the most effective means of performing
information=flow analysis is to trace an output back to systen
inputs, either external data, messages, or stimuli., As a result
of this analysis the relationsnips between tne associated
functions and the internal information necessary to support the
derivation of the output are identifled.

Control=flow and information=flow analysis will identify
necessary changes and additions to prevlously defined functions
and constraints as well as to the nhierarchial structures and
other previously defined relationships. M15sing or incomplete
reguirements can be determined and the deficlencles corrected,

Requirements engineering for systems which are primarily activity
oriented may emphasize control=flow analysis over
information~flow analvysis. Other systems may be primarily
information processing oriented and, theretore, tne requirements
engineering activities may concentrate more on information-flow
analysis rather than control-flow analysls. In eltner case, botn
torms of analysls are involved in a total system detinition.
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2.3.3 Regultements Traceabilty kKelatjonsnips

taentitlicatlon of system traceability relatfonsnips L5 anotner
efrective means ot identiftying 1incomplete, unnecessary and
missing Trequlrements. buring the requirenments enhglineering
activities, source docunents ave referenced for eacnh requirement
identitied. Requirements traceability analysis provides the
analyst with a means of verifying tne regulirements by 1linking
each requirement to all forms of source documentation. These
1i1nks, in the form of source reterences (sources), provide a link
petween the reguirements trom one set ‘of system reguireaments
(originating requirements) to the allocatea requirements
contained in the next level of the wnodeling or specification
process using additional references (traces). For instance, in
poD Standard 7935.1=5 the requirements may bpe tracec from one
nijher level specification to another such as frow the FD to 55,
Ss to PS etc,, or in MIL=-STD=-4%0 from Type A to TIype B8
specifications. Relationships can also be detined to other
pertinent studies, analyses, and plans whicn are peing
accomplished concurrently witn the reguirements englneering
activities, such as program managewent directives and plans,
system sizing and timing studies, prototyping, simulations, test
planning and the 1like, System test reguirements (quality
assurance), as well as subsequent test plans, procedures, ana
reports, can be effectively related to tne functiohgl
specification (originating requlrements). The links to
associlated system plans, analyses, and studies acconmplished prior
to, during and subsequent to the start of tormal requirements
engineering are cruclial to the overall systems engineering
concept. The traceablility relationships also provide a bridge
petween requirements engineering activities and subsequent design
and implementing activities, since the requirements can be traced
from higher 1eve1'funct10nal (logical) specifications to design
specifications, to product specifications, and to system test
plans and procedures during the later phases 0f the systea
acquisition. ’ ’

Throughout the system enjineering activities, the anpalysts must
be able to evaluate the impact of changes to the requirements.
wnatever the reason (policy, economics, stuay or analysis
results, new or modified regquirements), the analyst must be in a
position to determine tha ramifications of cnanges to the systen
regyuiremnents as stated in various levels of specitication. OUnce
the area of impact is identified in the requirements engineering
products (functional and 1/0 hierarchies, control and information
flows, etc,) the traceability relationships defined during the
previous requirements engineering activities (sources and traces)
provide the capability to readily lidentify assoclated impacts to
various parts of the system functional specificétlon (logical
model) and to trace the {impacts to all other associated
documentation: program directives, plans, studies and analyses,
test plans and procedures, and gllocated specltic§t10ns (design

g e AR
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ana  product specltications), The tmpact can pe readlly analyzed
ana the appropriate actions taken.

2.4 Summary

Discrete and well-organized reguirements support the primary goal
of defining the operational needs of the using activity while
giving the analyst visibility and control over the system
functional definition (loyical modeling) process. Discrete and
well-organized requirements areé prerequisities for the creation
of good functional, design, and product specificatlons, ’
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~ SECT10N 3 STRUCIUAKED APPRUACHES AND AUTOMATEDL TOOLS

3.1 Structured Approaches

In recent years a great amount of research ana applications have
been concentrated on techniques for defining, analyzinq, ana
documenting the requirements for systems, Most of these
tecnhniques include the term “structured” and are primarily manual
tecnniques (141, (151, (té1, (17}, (18), (19}, 120},  Some
structured technigques do address the use of computer alds as a
means of malntaining the reguirements and proaducing documentation
during the modeling process. The computer data bases are
maintained either manually or by automated tools, and, are
generally referred to as data dictionaries, ‘ ’

3.2 ISDOS Project = PSL/PSA

The University of Michigan®s ISDUS Project opegan in 1968 to
develop a more advanced computer-aided tool called the Problem
~ Statement Language/ Problen Statement Analyzer (PSL/PSA).
PSL/PSA 1s a more sophisticated data dictionary tool ahich
provides the capability to record 1in anh English-il1ke language
(PSL) the various objects (functions , inputs, outputs, etc.) of
a system being defined (the target system) and r-iationships
between the objects (nierarchy, flow, etc.,). 1nhe objects and
relationships are maintained in a computer data Dbase called a
requirements data base or PSL/PSA aata base. Tne requirements
data base can be used by the analyzer (PSA) to generate various
reports about the target system such as hierarchical structures
(functional and data), system flow (control and intormation) and
many others. ' ’

Since the early 1970s, PSL/PSA has been applied by a large number
ot users with varying degrees ot success. Althougn the tool 1is a
very sophisticated software tool, there {s no recommended
approach for using it 1n developing logical models. Tnis may oe
Ade in part to the research and udevelooment nature ot the 1ShOS
rroject or posslbly a4 greater deslre to mnake tne tool a more
general purpose product and thereby attract a larger nunber of
PSL/P5A  users. Many of the desired capabllities of the
structured approaches being practiced today are not easlily
satisfied using PSL/PSA. Studies of PSL/PSA fOr large systems
definitions nave documented the need for improvements and sone
improvements have been incorporated in new versions (3),(4].
Somne of tnese improvements have been made as part of the 1800S

—~ Project and some have bpeeén nade independently by various PSL/PSA
users to meet specific modeling needs L5,

o
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3.3 uUtility of ESL/PLA

various versions of PSL/PSA are currently being used 1n {noustry
andg in government agencies as indicated bpelow,

(3.2) URL/URA (CARA OR CADSAT), an Alr Force version of
PSL/PSA, Unliversity of Michigan (ISDOS Project), 1974 (6} (7).

(3.2X) 3.2 plus extensions and modifications made by Logicon
inc. for the Air Force, 1976 I(S].

(4.2) PSL/PSA version avallable from the Uuniversity of
Michigan (1SDOS Project), 1977~1976 (8), (9J), [1lU).

(5.1) Most recent version of PSL/PSA avallable from the
university of Michigan (LSDOS Project), 1978=-1v79 (11}, (12],
(13]). ' T

Altnhough new versions, specifically 5.1, do include some
recommendations made 1In various studles and by the 1SD0OS users
group, the baslc core capabilities of the tool are available {in
the earlier releases such as the Air Force’s version, URL/URA.

Learning the features of PSL/PSA as a software system alone
(i.e., learning to wuse tne language and reports) is in itself
time consuming. The new user may become generally proficient 1in
one to six months depenaling upon his experience with
computer~aided techniques and the quality of avgil@ble tralning
ang training documentation, DOCUmentatlon “on the tool, which
varies in quality, 1s generally for reference purposes and the
size and presentation of the material is most often perplexing to
the néw user. The new PSL/PSA  user will often wonder why a
language or report feature is available and also which ones are
best suited to his needs. )

Even after the tool features are reasonaoly understood, the new
user must tnen determine the best approach to applying the tool
to his requirements engineering problem, Since there are
numerous structured approaches being expounded, the user nust
cope with the additional prosblem of Jjetermining whicn structured
approach 1is best sulted to his requirements engineering problenm,
It the new user is unfamiliar with any structured ‘approach, he
must become familiar «~ith the new analysis tecnniques, The
perplexities of the new user can oe threefold: ~ (1) learning
PSL/PSA, 2) learning ands/or determining whilch structured
approach to apply, (3) and most {mportantly =~ defining and
analyzing the target system,
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3.4 (Quldelines tor Keyulrements tngineeriny using PLL/PSA

In1S guidebook has been prepareds ty 4assist the néw user ot
PSL/PSA  in  applyiny the to0l 1in @& productive manner to tne
10glcal modeling ot a taryget system. This metnodology was first
documented 4as part of Loglico: ‘s final technical report for tne
RALDC Regulrements Standards Stua, (KS3) 13}. The KOS provided an
approach to requirements definition and analysis and among other
study results provided a description ot the functional
capanilities of automated regulrements analysis tools.

Tne juidance provlided in this guiaebook 1s 1Intendeada to aid the
new as well as the experienced POL/PSA user by providing a
structured approach to the logical modeling process and to
ldentify the current features of PSL/PSA which are best sulted to
the logical modeling activities described. The user is expected
to use the references 1in appendices, especially those tor the
version of PSL/PSA peiny employed, for more detailed examples of
the language and report features of PSL/PSA,., The intent of tnis
guidebook 1s to provide the framework for requirements
enjineering and an overview of the utility of PSL/PSA to support
the logical modeling process,
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SECTLON 4 REJULREMENTYS ENGINEERING PRUCHEULURE DS

4,1 Introduction

The use of PSL/PSA must ©be restricted by a particular
requirements engineering approach. A poorly defined or
inacequate approach will result in cortly and lnadeguate results.
Conversely a well defined apbroach enhancea tnrougn utilization
ot selective features of a tool sucn as PSL/PSA wlil result 1n
specificatlons of consistently higher quality. A well=agefined
approach and selected use PSL/PSA 45 presented in tnis guidebook
is strongly advised.

rReguirements engineeringy 1is the method wused to derive and
document gquality system requirements. Requirements engineering
as used in this guiagdeboo< (s defined as followss:

Requirewments Engineering 1s an 1iterative process of
detining the system requlrements and analyzing the
integrity of the requirements. This process involves all
areas o0f system development preceding the actual desiygn of
the system, The products of the requirements engineering
process can be evaluated for completeness, consistency,
testability, and traceability. The essential goal of
reguirements engineering is to thoroughly éevaluate tne

"needs which tne system must satisfy. Rgduirements
engineering 1is principally concerned with the initial
phases of tne system acquisition life <cycle; i1,e., the

definition phase.

Requirements engineering begins py identifying system boundarles
and defining the system in terms of functional and constraint
reguiremrants. A functional requireanent (function) is the
statement of a need shicnh must pe fulfillea; a constraint
regquirement is a restriction on the function(s) whlcn allows a
solution to pe derived, Constraints fall 1into one of the
categeories as illustrat-1 in !apble 1,

in performing reguirements engineering, tunctions and thelir
constraints as well As other regquirements described in this
section are extracted froin s0urce documnents, These reguirements
can then be organized 1nto hilerarchical structures whilch reveal
gaps which may be hidden ©vy the overlapping and confusing
statements of the original sources. “Control ana
intormation=-flows can also he explicitly defined to make the
function=-to-function ana function-to-system ddta interactions
visipole, Finally, reguirements can be traced from ortylnating
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Table 1.

Systoem Requircment Types

SYSTEM
REQUIREMENTS

FUNCTIONAL
REQUIREMENTS

(functions)

as a whole.

The set of discrete functions which
identify the pure design free or

solution independent needs of the system
The functional requirements
identify what must be accomplished while
avoiding solution statements or overtones.

CONSTRAINT
REQUIREMENTS

(Constraints)

PERFORMANCE

PHYSICAL

OPERABILITY

TEST

DESIGN

How well the system
functions must be
accomplished,such as
timeliness and accuracy.
Also called performance
characteristics,
MIL-STD-490.

Influences the design
solution in a physical
manner: power, size,
weight, environment,
human factors, existing
system interfaces, GFP,
etc. Also called
Physical Characteris-
tics, MIL-STD-490.

-Reliabiltity, maintain-

ability, availability,
dependability.

Identify the functional,
performance, physical,
operability, and

design requirements
which will be evaluated
during system integra-
tion and test.

The minimum or essen-
tial design and
construction require-
ments which are a
constraint on the
functional require-
ments of the system
during the design and
construction of the
system end-items
(CIs/ CPCIs). Also
called Design and
Construction, MIL-STD-
490.

PToTeT
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source aocuments tnrough various levels of system speclficatlons
to verity that dll requirements hdave oeen dillocated and
1mplemented in the delivered systemn,

As stated In the definition above, requirements engineerjing is an
iterative process of deflning tne system regulrements and
andlyzing the integrity of the requirements for comnpleteness,
consistency, testability, 3nu <traceability (Fiyure b)), As tre
process continues the system requirements are defined and
analyzead in a progressively expanaing manner. The definition and
andlysis activities will move from one area of concentration to
anotner as tnpe results of previous activities reveal areas
neeaing additional work, No slngle approacn c¢an ope rigldly
derined and applied wnich <can take into account tne many
possibilities whicn must pe considered. However, guligelines for
requirements englineering and associated tas<s can be defined ana
then tailored for specific requirements engineering applications.

This section presents 4d general framework for requirements
engineering as lilustrated 1n Figure 7 as weil &8s recommended
PSL/PSA language and report features wnich can pe agplied to each
activity [(BLOCK!. Fach block represents a unigue activity whicn
can be acconplished in definingy and analyzing system
regquirements, There 1s a continual 1nteraction petween the
activities of each block, and although each block appears 4a8s a
single activity, it {is 'in "fact part of a contihuum, The
selection of an actual approach for a given application is one of
the tasks [BLOCK 2). In a given application, not all olocks will
necessarily be performed, The blocks selectea must oe responsive
to the resources avallable to the project and tne objectives ot
tne analysis staft, The following is a brief description of eacn
of the 15 plocks portrayed in Figure 7.

BLUCK 1 Identify and Review Source Documentationg The analysls
team becomes fgmiliar with the problem and all
pertinent bgckground infcrmation.

BLUOCK 2 Produce Requirements Engineering Plan: A plan {s
developed to define the activities to be accomplished
auring BLGCKS 3~15; 1i.e., project schedule, tool
teatures to be used, quality assurance provisions, etc.

BLUCK 3 itaenticy System tunctions: Systenm tynctions are
identitied 1n the source documentation and €ormally
defined. ’ ’

BLOCK 4 rganize Functions into a Hierarchical Structure: lhe

functions 1in BLOCK 3 are organized so that eacn higher-
level function 1s represented as an agygregate of more
detailed functions,
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BLOCHK

bLOCK

8LOCK

BLUCK

BLUCK

BLUCK

BLOCK

BLOUCK

BLOCK

10

11

12

13

14

15

PAGE £2

Identi1ty System Constraints: Constraints for the
functions are detined where justifieag anug attached to a
specitic tunction 1in tne fupctiondal hlerarcny.

laentity Systen Using Activities: System using
activittes (e.g., organizational units, external
systems) wnlch {inte.act with the systewm from outsice
the system pounddry are identified and structured
nierarchically.

Identify External System Inputs=Dutputs gl/o): Inputs
and outputs to the taryet systen are defined
concurrently witn the using activities.

Perform Information~Flow Analysis: Intormation flows
showing the data flow between exterpal inputs, target
system functions, - information within tne system, and
external outputs are detined. )

Structure Systen Informatlion: External and internal
information is logically organized (i.e., data
dictionary).

Perform Control=Flow Analysis: The sequences of system
functions are defined as well as the control on the
flow paths. ) ) ' ,

Perform Test Analysis: System requirements wnhich will
pe subjected to formal testing and tne test points in
the control paths are determined. '

Prepare Specification Documentation: Products of BLOCKS
3-11 are incorporated into specification aocuments such
as DoD 7935.1=5, MIL=~STD=-490, or other approved
formats.

Perform Traceability Analysis: Requirements are traced
from one level moael to another (or from one
specification to another) to ensure that thé subseguent
models or specifications such as deé{gn and product
specifications meet the users original needs.

Perform Consistency and Completeness Analysis: As
errors Are exposed in previous activities, tne systen
description is refined by repeating BLUCKS 3-13 until a
complete and consistent system definition has been
achieved. )

Manage Requirements tngineering Activities: pDuring each
ot the preceding activities, project and technical
managers determine proyress by the analysis team and
the status of the requirements data ngeL' '

!
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in tne tollowlny paradaraphs each nlock tn Flyure /  is  explalnen
in gyreater detall. Included in the description are the PSL/ZPSA
tool teatures whicn have been Selected 4as a subset ot the
language and analyzer Cdpabllities best suiteada to the
reguirements engina2ering procedures in this guidebook, Alternate
features may be selected based on the application needs 2and as
experience is gained 1n application ot PSL/PSaA.

4.2 Identity and rReview Source Docuentation (blLuCn 1]

Source documentation as used in this guldepook ({ncludes all
recorded information on a system sucn asi

o planning and user reguirements documents

o specifications for similar systems, for system
interfaces, and for existing or previously defined
subsystems

0o documentation derived trom engineering studles and
prototyping or experimental test systems

0 user interviewvs ;nd gssocigted documentgtion

buring this task the requirements engineering team shall
lnaividually review the source documentation 1in order to becoine
tamiliar with the overall system requirements. puring review
sessions with other team engineers, the analysts snall perforna a
general evaluation of the requirement types (objects) contalnea
in the ‘source documentation. The review ‘ot the source
documentaton and the assessment of Trequirement types are
prerequisites for developing the reguirements englineering plan
[BLOCK 2). As the analysis activities ([(BLAOCKS 3~14] continues,
additional source documents w#1ll be identified and evaluated,

4,3 Produce Reqguirenents Engineering Plan [BLUCK 44

After revies Of the source documentation, the analysis tean snall
determine tne specific approach to accomplishing BLOCKS 3-15.
Tnis approach shall take 1into account all avallable resources
inclualng personnel, schedule, ana financial considerations., The
planning shall detail the methouology to be applied (tools,
techniques, conventions, etc.), specific tasks to be
acconplisned, personnel assignmnents, resource descriptions,
scnhedules and milestones, preliminary and final documentation to
be produced ([BLUCK 12]), progress revies#s and quality assurance
and status reporting procedures. ihe results shall be describped
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In & reqguireanents engineering plan which will bpe updaten
throughouyt tne analysis activities to retlect necessary changes.
The requirements engineering plan serves to detine tne objectives
ahd  weans of the andlysis to be pertormed and assists prol)ect
statt 1n pertorming the tasks and meeting the goals of the
project. Nes analysts and other uniformed otservers will find
tne requirements engineering plan useful for wvecoming familar
with the requirements englneering project tnrougnhout tne
project s lite.

PSL/7PSA language and analyzer features snall be determined oy
review ot bLICKS 3-15, Appendices B and C, and tne language ana
analyzer references in Appendix A. f'nls selection snhall {nsure
that the 4dnalysis proceeds in a uniform mapner, and the PSL/PSA
features satisfy the requiremnents enjineering project objectives.
The objective 1s not to bpulld and maintain requirements data
pases using PSL/PSA, but to define, analyze, and docurent quality
system reguirements using the pest features ot ¢SL/P3SA which
satlsfy the analysis activities defined in this guidebook.
inerefore, PSL/PSA shall be used as conservatively as possible to
achieve tne oojectives of the project. i

4.4 Ildentify System Functlons (BLOCK 3}

During tonis task tne source documentation {s analyzed and the
system functions (PROCESSES), necessary to control or produce the
desired outputs from the availapble lnputs, shall be {dentified.
A function 1is a discrete activity witnin a system, The
collection of discrete functlons, defines the total activities
which must be accomplished by the system to achleve a given
objective. Tne functions identified shall range from high level
(tirst possible functional breakout of the system) to detailed
lower level functions (functional primitives) whicn represent
finite, distinct actions ¢to be performed by system equipment,
computer programs, personnel, facilities, procedural data, or
combinations thereof. ’ ) o

Naming a function 1Is an 1important part of the requirements
engineering process. The following conventions tor developing
tunction names shall be applied:

o tach function shall be given a unique name contorming to the
function nane of the sources or its characteristics.

o The tunction name shall be succinct. This 1ncreases the
ability ot the reader to retain the idea beiny expressed,
especlally tor large or complex systems consisting of many
tunctions, ’
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~ o The tunction name shall not 1wply any pretfterence tor a4
aesign solutlion, even 1t the source of the requirement
specifies some aspect of design,

o when a function nane exceeds 30 characters, i1t can be
reduced by abbreviating parts of the name. Since the tooil
does not nave a means of rec .raing abbreviations used in a
name, a separate glossary . ist be malntained, Every atteapt
snall be made to avoid abbreviations, since they decrease tne
reajanility ot the name especlally for those unfamiliar witn
the apbbreviations employed. 1he npeed to aporeviate is often a
sign of an 1ill-defined regquirement or a compination of
requirement types and/or moditiers,

o Functions which are primitives shall 1include a PROCEDURE
statement. PROUOCLDURE statements shall include ény'combination
of the following: (1) Structured English stating the logical
steps which represent the function, §2) Decision Tables, oOr
(3) vecision Trees (15}, (19). ’

0 runctlon names shall conform to the following constructs:

CONSTRUCT EXAMPLE

~ Verb=Object* §55emble-requislt10n )
asem=requisition~for-publisher

Compound=Verb=0Object* prepgre-§nd-distrlb-reports J

* with or without modifiers, such as gdjectives and/or
prepreposition§l pnrases,

4.5 Organize Functions into a Hierarchical Structure (BLOCK 4]

In conjunction with identifying the system functions as described
L in BLOCK 3, the functions shall bpe arranged into logical
hierarchical structures (Figure z2). This form of organization is
suited for structuring system tftunctional regulrements 1in a ]
loylcal arrangement for communficating system tunctlons and the )
nierarchical relationships between the tunctions to design
englineers. The functional hierarchy provides a view of the
system as an aggdgregate of functions broken down into a logical ]
arrangement of subordinate discrete activities which wmust be
pertormed, The sum ot the activities ot the tunctions on a given
level are equal to the activity at the next higher level in the
hierarchy. This principle means the total system activities are
- defined by the functions at the lowest 1level in tne hierarchy 9
(functional primitives). Tnis logical form of organization {is
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distinguished trom Inforamation=tlow. (ivlbuCr 4} and control=tio~n
LBLUCKR tu]).

1Yhe tunctions ot tne system shall pe grouped fnto Hhiyher levals
ot orgdanization representing the first possiole preaxout of the
systen, Upper-level tunctions shall be refined by tne
identification of subordinate 1levels,. Eacn ievel of the
nlerarchy shall be limited to 2~7 tunctions. The 1imlt of seven
functions has been shown to increase the human understanding ot
the system functional requirements. Should the need exist for
more than seven functions at a given level, the analysis tean
shall review upper levels of the nierarchical structure and make
any adjustments that canh be made to resolve the proolen,

During the course of tnhe organization of ftunctions 1nto a logical
nierarchy, the names of previously defined functions may be
altered in order to conform to the logical structuring at lower
levels. on the other hnhand, the 1logical structuring mnmay
necessitate the creation of pseudo-function names 1in order O
proviae 'a means of organizing functions unaer special ana
meaningful groupings. 1In addition, the hierarchical structuring
may necessitate identification or creation oi new tunctions which
were omitted during previous analysis.

If the functional hierarchy is derived from leveled data-flow
diagrams [BLOCK 8), the functional hilerarcny can be derivea as a
result of the hierarchy of parent-child relationships, This
method is preferred over other less structured mnmeans of
functional decomposition, because it provides a balance between
the decomposition of functions 1in parallel with the decomposition
of data flow and data structure. ‘ '

The language statement wnlch allows a function (PROCESS) to be
hierarchically related to another is the  PART/SUBPART
relationship within the PROCESS section. The reports wnicn best
shows the functional hierarchy 1is the Structure keport, Other
reports display only 1immediate PART/SUBPART relationships:
Picture Report (with the structure option in etfect) and the
Formatted Propolem Statement Report. ' ‘

4.6 1Identify System Constraints (BLOCK 51

In conjunction with the ildentification of system tunctions and
organizing functions into a hierarchical structure, the analysis
team shall 4iocentify all system constraints, The constraint
requirements shail be limited to performance, physical,
operabllity, and design. Test requirements are aadressed 1in
BLUCK 11, Constraint requirements shall be derived from
avallable source documentation or from the results of trade~off
stuaies, teaszibllty studies or advanced development studies.
Each constraint requirement shall be related to specific function
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levels 1n the tunctional nierdrcny (BLUCKR 4). A construdaint
dapplled Lo a given level 1n the function4al hierarchy implies that
the constraint {s applicapie to cacn lower level tunction in the
hierarchy., As the constraint analysis continues the constraints
may be mwmore specifically allocated to lower level tunctions 1n

tne functional hlerarchy. Constraints which are not clearly
Justifiead from avallable aocu *ntation shall be eliminated from
consiceration until aocunented justitication is dvallable, All

constraint requirements snall be stated in speciflc, quantifiaole
paraneters, either as a single value or ranye of values,
incliuding the unit of wneasur2, limits, accuracy or grecision, and
trequency. A '

buring the course of identifying tne various constraints {imposed
on the functions oOf tne system, the'analysis team shall verity
tnat no combination of constraints results In excessive or
unrealistic requirements [BLUCK 14), Technical risks identified
by the analysis of constraints snhall pe followead up oy additional
studies to resolve areas of conflict. KReferences to any source
docunentation or analysis and studies which support and Jjustify
each constraint requirement shail be maintalneda using SOURCES
LBLUCK 13]. ) )

Although some methodiologles for requirements engineering
emphasize deferring the 1laentification of constraints over
preterence for data=-£10Ww analysis (BLOCK 18], it 1s better to
maintain records ot the constraints as they are iaentified, This
allo#s the analyst a means of deferring the constraints in a way
whicn assures that each one will not be lost or forgotten and
dlso provides the basis from which <constraint analysis may
proceed, ’ o )

There are several means of 1dentifying constraints using the
language, One way is to use the ATTRIBUTE and AITRIBUTE~VALUE
statements, For example, the following statement shows a
pertormance (pt=) constraint associated with ‘the function
“validate=time~cards". ' " '

PKUCESS valldate-time=-cards;
ATTKIBUTES ARE pf-l=time=~per-week performance=constraint;

1ne nreaning of the ATLIRISUIE catt be expandad tnrough the wuyse of
the LESCHIPTION statement and SUUKCE statement in the ATTRIBUTE
sectlion. OELSCRIPTION alloss elaboration Oon tne meaning of the
constraint (f.e., pt=l-tine-per-wveek) oy allowing text
(comuwent-entries) Lo be entered. SOURCE provides the means ot
fdentitying the source ot the constraint requirewent (analysis,
stuaies, reports, etc.) and theretore provides for traceability
[BLUCK 13). To expand tne example, the tollowing DESCRIPIION and
SLUK(EL stateanents could be provided:
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PROCeSS vallidate-time-cards;
ATTRIBUTES ARE pf=l-time=-per-week performgn;e-constraint:

DEFINE pf-1-time-per-week attribute;
DESCRIPTION;

-—---comment-Entry-----—-—----

----—---—-----------—-—-------;

SQUurCE source=~identiflier;

In this example the first two statements defline the tunction and
the assoclated constraint. The rewmaining statements expand upon
the constraint by renaning it and addiing descriptive text and the
source of the constraint. Tne use oOf the prefix (pf-) for
pertormance in the ATIRIBUTE name appears to be rédundant with
the ASTRIBUTE=-VALUE. However, the use of the pretix wmakes other
reports more usetul, since many 0f the reports are sorted on
object names, For example, the Name List Report will group all
pertormance constraints together where the prefix “pf-* 1is used
in the ATTRIBUTE name. ’

The ATTRIBUTE and ATTRIBUTE~VALUE can be used for otner contraint
types, Prefixes for all constraints are as follows.

performance pf~-
pnysical pY~
deslign’ dn-
operanility op~-

The Attribute Report and Formatted Problem Statement Report will
display the constraints (ATTRIBUIES) along with the tunctions
(PROCESSES) which they contraln.

Another way to express constraints is the use of MEMOS. Using
the same example, the following illustrates tne application of
MENMU as a constraint:

PROCESS validate~tlime-carda;
SEE=MEMO pt—l-time-per-weeg:

MEMD pf-l-tlme-per—wees;
DESCRIPTIUN;

-—--ucomment entry---—--------

-------_--------—-—_-------.-.;

SOURCE source-identitier(s);
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The PESCRLIPLLIUN and sUUKCE statements tor tne MEMU  achieve tne
samne results ds the ALTRIBUTES section, Here the preflix 3
atstinguisn the mkMU a5 a constraint and agaln are useful tor
vroaucing d4na using otner report outputs, The Structure Report
(3.2X) and Formatted Problem Statement Report wlli display tne
constraints (MEMUS) along with the functions (PRUCESSES) whicn
tney constrain. ’

another means for defining performance constraints w»hich involves
rates is to use the haPPENS statement. 1Tne HAPPENS staterment
specifles the nunber ot occurrences of a function gHRUCESS) in a
given time interval, The following Statements 1llustrate the
HAPPENS statement to express the previous perforamance constraint:

PROCESS validate~time~-card;
HAPPENS one TlMES=-PER week;

rne Frequency Report and Formattea Problem Statement Report c¢an
be usea to display this form ot performance constraint. OUtner
contraint types (-py, -op, =dp) have to be represented uUsing
ATTRIBUTES or MEMUS. ' '

4.,/ 1ldentiry System Using Activities [(3LOCK 6]

Using activities (organizations, operational units, or operator
positions) which {nteract with the target system shall bve
identified, The identification of using acitivitles provides tne
pasis of information-flow analysis (BLOCK #8]. The ldentification
shall include the names of using organlzatlions descrioed in the
sources or tnrougah other determinations such as human engineering
studies which lead to the 1identitication of wusing activities,
Lower level position names, such as specific operator positions,
snall be identifled and described to the level of detall required
for the assoclated functions, ’

Using the INTERFACE object and PARI/SUBPART statements, the
regquirements engineer can define and structure all wusing
activities which i1nteract with the target system, ldentification
of using activities is best accomclished 1n conjunction w~ith
irnntormation=flow danalysis LaLUCA &), AS LvleKFACES are
1dentitied (i.e., external activities whilcnhn are origins or
destinations of targer system prodjucts), language statements
should be prepared., 7Tne hierarchical structuring ot IWTERFACES
using the PARIT/SUBPART relationships is generally not required
unless this information supports the understanding ot the tarqget
system, An example entry tor a using activity 1s as tollows:

i
]
i
i
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INIERFACE Kkeypunch-operator;

PART aata-processing=department;
RECELVES keypunch-forms;

GENERATeS xeypunch-~deck;

SOURCE source-identitier(s);

The structure of the using activitles ({NTERrFACES) 15 provided by
the Structure Report 1f the PAK1/SUBPART relationsnips have been
entered, Tne Formatted Problem Statement Report, Extended
Picture Report, and Picture Report display INIERFACES witn
varying degrees of informational value,

Anotner approach to identifying and structuring usinjy activities
is to treat tnem as PROCESSES. Tne using activity 1s detined as
a PrROCESS and given a nane whilch 1is in tne noun fori (e.y.
cata-processing-departiment), The hierarchy of using activites
can be naintained using FAHRT/SUBPART statements under the
PRUCESSES. In this case one wmajor branch ot the process
structure can be aedicated to the using activities and another
prancn set aslde for the target system functions. Tnls approach
still allows identification of wusing activities (although anaot
specifically by language type, INTERFACES), allows nierarchical
structuring, and data fiow, [ata flow becones more simplified
witph tnis approach because aithout the use of INTERFACE, the use
of INPUTS and OUTPUIS are no 1longer practical. The only
practical collecticons of data remaininyg are SETS, ENTITIES,
GRUUPS/ELEMENTS. 1This restriction is not considered severe. To
beginning users, this approach has been found to simplify the
application wnile still effectively addressing tnhe needs of tnhe
requirements definition and ahalysis process. The tool allows
the user to alter the type of the object from PROCESS to
INTERFACE should it be decided at a later cate that 1t 1s
desirable to do so. However, because Of tne uniquenesses Of eacn
language object, a change 1in the type of one object can
necessitate otner chanjes within the object being changed as well
as other objects. Therefore, it is cuggested that use of PRUCESS
as a using activity should be adhered to throuyghout the project
once it is decided to do so. ’

4.8 Identify External System lnputs~-Outputs (BLOCK 7)

In conjunction with ididentifyiny tne wusing activities, tne
analysis team shall identify the output (responses) reguired trom
the system. QOutput intormation consists of reports needed by
usinga activities as well as system messajes necessary ftor the
operation, maintenance, and control ot tne system. Subsequent to
each output being definei, tnhe associated system 1nputs (stimull)
shall be identifieda. £ach input or output (L/0) snall be given a
unique name contorming to the 1/0 name in the sources or 1its
characteristics. Parts of an input or output shall be identified
and1 named as the regulrements englneering process continues
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[BLUCK 9], Reterences to source documentation (SUUKCES) whicn
1dentify the need tor the I/0 shall oe maintalncd LBLOCK 14]).
bach 1/0 snall be suplemanted by a brief description ot tne I1/J
and 1tSs purpose. ‘

The INPUT and JUTPUT lanjuage objects are designec 1o be used as
their names imply, that is, ~xternal inputs and outputs of the
target system. Inese collectlons of information can be wused Lo
express physical or 1logical collections of data. As paysical
collections they are thougnt of as containers ot aata values
whlch conslist of GROUPS/ELEMENTS. INPUTS and UUTPUTS may also be
contained in larger collections ot information, INPUTS, QUIPUTS,
ana SETS. For requirements engineering purposes, the logical
collections are the preferred means of uslng the language,

Example INPUT and OUTPUT statements are as followsg

INPUT tine=card;
GLNERATED BY Keypunch=-oOperator;
DESCRIPTIION;

-----COmment entry----_-------

-------_----—----—---—-----’--;

SOURCE source-identifier(s);

QUTPUT Xeypunch=forms;
KECEIVED BY keypunch=operator;
DESCRIPTIUN?

-—---comment entry--—---------

SOURCE source-~identifier(s);

1.9 Perfornm Information-Flow An;lysis {BLOCK 8]

buring this analysis, the flow relationships between external
system 1inputs and resulting outputs shall be identified in
intormation=-flos alagrams (also called data flow dlagrams and
gata tlow grapas). Ihese diagrams provide ttnde wpasis for
determining tnat each I/U is used, derived, or updated, An
etfective m2ans of information=-flow analysis 1s €O trace an
output back to the system input: external data, messages, oOr
stimuli. This method permits the relationships bpetween
assoclated functions and the lnternal information necessary to
support the dertvation ot the output to be laentified,
structured approaches for information-flow analysis are described
by beMarco L15], Gane and sarson (19), and Koss (l4). The data
flow within the target system boundary can be described using the
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tollowing lanagudde reldatlilonshios as fllustrated in rlgure 8:

Usts this relatfionsnip indlcates tnat a4 tunction (PROCESS)
on the path uses external 1nformation (INPUT*) oOT
internal system information (ENTITY*) &s an input
to its activities, ’ '

DERIVES This relationshio indicates tnat a function (PROCESS)
on the path derives either external 1information
(GUTPUT#*) or 1lnternal system iaformation (EMT1ITY*) as
a product of its activities. T )

UPDATES 1nls relationshio indicates that a function (PROCESS)
on the patn wupdates internal system 1information
(ENTITY*) as part ot its activities.

¥ or tnhneir higher/lower level <collections, i.e., SE1S,
GROUPS/ELEMENTS

Compound forms can also be used such as USES~ TO DERIVE and USES-
TO UPDATE. These formns are better since they result in a more
accurate definition ot the function®s transaction &nd result in
more ~meaningful PSA reports, l.e., Picturé ana Extended Picture
reports. ’

The information flow shall 1indicate the relationship between
system functions and system intormation (external ana internal
system I/0) and shall not imply any Iapse 1n ~ time, or
intermediate 1/0 pe used, derived, or updatea. '

For the purpose of information~flow analysis the external using
activities identified during BLOCK 6 are ‘integral to tnhe
definition of the system total information flow since the using
activities are the origins and destinations of syst~m external
/0. The fiow across tnhe target system boundary (bctween
INTERFACES and PROCESSES, 1f INTERFACES are being used to
represent using activitles) shall be describead using the
following information=flow rel@tibnships as 111ustr§ted in Figure
8:

GENERATES Thils relationsnlip 1indicates (1) & using activity
(INTERFACL) 1s tne origin of the external input
(INPUT) or (2) a function (PRUCESS) 1s the origin
of the external output (ODUTPUT). ’

RECELVES Tnis relationsnip indicates (1) a function

' (PRUCESS) 1s the reciplent of the external input
(INPUT) or (2) a using activity (INTERFACE) 1s the
reciplent of tne external output (OUIPUT).

[ )
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Two poOssible sets o0t language statements whicn Corresponds to the
intormation=flow dilagram in tigure ¥ are shown below, cach set
ot statements should be supplemented by a SUURCE statement where®
it 1s appropriate to maintain traceabllity between the floe
requirement and sources of the reqguirement (BLUCK 13).

SIMPLEX FOURM COMPUUND FURM
INTERFACE a; INTEKFACE a;
GENERATES b; GENERATES b;
INPUT b3 INPUT b3
USED BY c3;

PROCESS ¢;
PROCESS ¢ RECEIVES b;
RECEIVES b; USES b TU DERIVE e;
DERIVES e

ENTITY e

PROCESS £;
ENTITY e; USES e TU DERIVE h;
USED BY £ USES e 10 UPDATE g;

GENERATES h;
PROCESS £3; ’

UPDATES g; OUTPUT hi
DERIVES h;
GENEKATES h; INTERFACE 1;

RECEIVES n;
OUTPUT h:; )
RECEIVED BY {:

INTERFACE 17

Reports which oresent the information flow are the Data Process
or Data Process Interaction Report, Element Process Analysis
Report and Element Process Usage Report, LExtended Plcture Report,
Formatted Problem Statement' Report, Function Flow Data Diagram
Report, Picture Report, Process Input/0utput or Process Summary
KReport, and the Structure Report., None of these reports present
leveled data flows.

4,10 Structure System Information (bLOCK 9}

buring BLOCK 7, the external 1/0 ( 1INPUTS, OQUTPUIS) and their
superordinate and subordinate parts are defined, 0During BLOCK 8,
the internal I/U0 (ENTITIES) and thelir superordjinate and
subordinate parts are defined as the information-tiow analysis 1is
pertormed. During this activity, the external and internal

“——




LOGICON. PAGE 35

intormation 1is arranged 1into 1log9ical hilerarchical structures
tdata structures) as lllustrated in Figure 3., = The “emphasis on
the data structures 1s to organize tne /0 and their
superordinate and subordinate parts into logical orgsnizations or
simply as  groupings of information, Structuring tne 1/0 1s an
ettective means 0f lidentifying incomplete or missing 1/70 and for
communicating the i{nput and output Tregquirements to design
engyineers, ’

parts of I/70 identified during B8LOCK 7 and 8 shall bpe assoclated
with other I/0 and organized 1nto hlerarchical structures.
changes and additions toc tnhe 1/0 hierarchical structures may be
required as information-flow analysis [BLOCK 8) 1s accomplished.
Tne upper parts of the individual 179 hierarcnical uLtructures
shall be equivalent to the aggregate of the subordlinate parts in
the nierarcny. During the course of organizing the 1/0 into a
hierarchy, the names of previously defined I/0 may be altered in
order to conform to the ddta structure being detined. 0On the
other hand, the structuring may necessitate the creation of
pseudo input/output names i{n order tc provide an ettective means
of organizing the data structures 1in special and meaningful
groupings, ln addition, the hierarchical structuring ray
necessitate the 1dentification of adaitional 1/0 requirements
wnich were omittea during earlier requirements engineering
activities,

The identification of the'}/O, its description, structure, and
otner features is called a data dictionary. The following
example describes a typlcal détg dictionary entry tor an INPUT.
Lach set of statements can be supplemented by a SUUKCE statement
where traceability is desired or required [BLUCK 13J.

INPUT time=-card;

CONSIST OF employee-name, employee-no, week-ending-date,
project~numbers, mon=nrs, tue-nrs, wea-hrs,
thr=hrs, fri-nrs, sat=hrs, sun-hrs,
total=hrs~by-project-no, total=nrs-by-week=day;

DESCRIPTION; ’ ' '

A card used by the employee to record weekly hours
against projects throughout the work weeK,

SYNONIM employee-time-card;

GROUP employee-~npame;
CUNS1ISTS OF last=-name, first-name, middle~initial;

ELEMENT last-name, first-name, niddle~initial;
Several reports will opresent various aspects ot the data
dictionary. The Contents Report provides the data structure in

an tndented tormat beginning with the object name specified (StT,
Invur, vUTPUT, ENTITY) down to the lowest level detlned using the

- v~ .
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CUNSISTS/CUNTAINED statenents. The Structure Heport (version
5.1, with the appropriate options in effect) provides an indented
niterarchy of tnhe SETS, INPUTS, OUTPUTS, and ENTITIES based on the
PART/SUBPART and SUBSET/SUBSETS relationsnhips. ~The Formatted
problem Statement Report provides the same data structure
(CUNSISTS/CONTAINED) information as well as ODESCRIPTIONS,
SYNUNYMS, and SOURCES. Other reports which aid 1in development
and analysis of data structure and contents are identified in
Appenaix C, ' ’ T

4.11 Perform Control-Flow Analysis (BLOCK 10}

Control~flow analysis provides a means of viewing tne system tfrom
an activity-oriented perspective and is often reterred to as
functional=flow analysls, Control~flow diagrams llke Figure Y
describe the sequential flow between system functions. Wwhereas
the information flows do not indlicate any preferred ordering of
functions, control flows da~scribe the order in which functions
are to be activiated., In many applications these control patns
become meaningful 1in the understanding of the system and are
desired by the target system user or documentation requirements.,
where control-flow analysis 1is desired or required, it 1is
recommended that the ordering of functions be prepared after
completion of information-flow analysis. ’

control-flow diagrams, 1like information-flow diagrams, shall
indicate only the relatlionship between system functions and shall
not imply any lapse 1in time, or intermediate activity, The
sequence Of functions (PROCESSES) and conditions which determine
the flow directions shall be described wusing the following
control~flow relationsnips as illustrated in Figure 9:

TRIGGERS This is a sequentlal relationship between two oOr
more functions (PRUCESSES). '

UFILIZES This relationshlip indicates that a function
(PRUCESS) ‘on a 